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(54) METHOD OF GROWING COMPOUND SEMICONDUCTOR, ITS LIGHT-EMITTING DEVICE, 
AND THE MANUFACTURE 

(57)Abstract: 

PURPOSE: To provide a method of growing a compound 
semiconductor, which ensures a compound 

semiconductor having a good crystallinity and a low Gai^AfctNti-oaO 
resistivity, and to provide a light-emitting device of the 
compound semiconductor which has good electric and 
optical characteristics by utilizing the method for 
growing the compound semiconductor, in addition to the 
manufacture of the light-emitting device. 
CONSTITUTION: A Ga1-xAlxN layer (0<x, y<1) is formed ] 
by adding a group III element, e.g. In, having a larger 
atomic radius than Ga and Al and compression distortion i 
is given to a crystal to be formed, and it is made 
possible to reduce expansion distortion in the crystal 
caused by a nitrogen vacancy hole. As a result, uif s 
concentration of free electrons in the crystal, as shown 
in the graph, is reduced, and a compound semiconductor 
which has a good crystallinity with few lattice defects. 
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[»*18] «-?*a#N J: l>Vl!Sc*tl 
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l < ta<sfttt*i^ff rjas*©fi^f b^«^aK*©jsfi 

#CfKt©l£g;^*lSJBUfcft£»^#3g# 
[0002] 

[fi£*©fi853 GaN (Sfttf'JtfA) ttii]J557c3RT 

'j Agyv j^tc^-c* immfrhmm tint 
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20 »Ttttt»tte&a»'ffc*#. «{*©IiBTGaN*« 
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* ;u acc*?**JRS«-S c i (c <fc ,t PSISS*Sfc 
tftSLri,**^. ^©fi|n$B35Q • m, *-Jb?fie 
«2X1 O 16 cm- 3 i0<^i brm&in. ffi+ + VrjlK 
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-'frbl x i 0 !3 cm-Hc4c-S,j;e)tc;, PH 3 , AsH : , 
XttSb*«ttt/fc. 

[0 0 3 8 ] H3Kff6ftfc*S£it!©li4*Hifi£. 
P. A s SL^S biiSiCMM^t. ^ 3 6 W £ 
ftiSK. P. A sMS bf^gj&S] x 1 0 I6 cm- J ^6 
1 x l 0 2 3 an- 3 Sr©l5HT, g t*ft#«4>l, T 
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Japanese Unexamined Patent Application Publication No. 5-243614 

SPECIFICATION <EXCERPT> 

[0033] [Second Embodiment] 

In the second embodiment, for vapor-phase growth of a 
Gai-xAlxN layer (0 < x < 1), a MOMBE (metalorganic molecular beam 
epitaxy) apparatus was used with TMG as a material gas of Ga, TMA 
as a material gas of Al, and NH 3 or N 2 as a material of N. 
[0034] In addition, a Group V element whose atomic radius is 
larger than that of N was used as an element added to the Gai- X AI X N 
layer. Table 2 given below shows covalent bond radiuses of Group V 
elements. In the second embodiment, P, As, and Sb were selected 
on the basis of the covalent bond radiuses of the Group V elements 
shown in Table 2, and PH 3 , AsH 3 , and Sb were used respectively as 
material gases. 
[0035] 



I Group V element j Covalent bond radiuses (angstrom) 
^ j 1 



N 0.7 0 

P 1.10 
As 1.18 
S b 1.36 
B i 

[0036] First, the case of manufacturing an undoped crystal is 
described below. 

[0037] The Gai- X AI X N layer (x = 0.30) was grown by supplying 
TMG, TMA, and NH 3 on a GaAs substrate in the MOMBE apparatus at 



a growth temperature of 600°C, and PH 3 , AsH 3 , or Sb was supplied 
so that a concentration range of the Group V element (P, As, or Sb) 
in this crystal is from 1 x 10 16 cm" 3 to 1 x lfj 23 cm" 3 . 
[0038] FIG. 3 shows relations between free electron 
concentrations in the obtained crystal and P, As, and Sb 
concentrations. As is clear from FIG. 3, the free electron 
concentrations decrease when the P, As, and Sb concentrations are 
in the range from 1 x io 16 cm" 3 to 1 x 10 23 cm" 3 . In the case of P, 
when the concentration is 4 x 10 21 cm" 3 , the free electron 
concentration has a minimum value of 1 x io 16 cm" 3 . The result 
indicates that a residual donor concentration caused by nitrogen 
vacancies was reduced to no more than 1/1000, considering that the 
free electron concentration in the case of not adding the Group V 
element whose atomic radius is larger than that of N was equal to or 
more than 1 x io 19 cm" 3 . Which is to say, the result indicates that 
a favorable Gai- X AI X N layer (x = 0.30) crystal with few lattice defects 
was obtained. 

[0039] When each of a GaN layer and an AIN layer was grown 
under the same conditions, the free electron concentrations can be 
reduced with the P, As, and Sb concentrations being in the range 
from 1 x 10 16 cm" 3 to 1 x 10 23 cm" 3 . Thus, the effects of the 
addition of the Group V element whose atomic radius is larger than 
that of N can be attained for all composition ratios (0 < x < 1) of the 
Gai-xAlxN layer. 

[0040] Next, the case of manufacturing an N-type crystal is 
described below. 

[0041] When, at the time of growing the Gai- X AI X N layer while 
adding the Group V element whose atomic radius is larger than that 
of N under the same conditions as above, the Gai- X AI X N layer was 
doped with SiH 4 gas as a donor impurity so as to have a Si 
concentration of about 1 x 10 19 cm" 3 , an N-type crystal having 
mobility of 2000 cm 2 /V-S was obtained. Hence, the mobility was 
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significantly improved when compared with an N-type crystal 
obtained without adding the Group V element whose atomic radius is 
larger than that of N. 

[0042] Next, the case of manufacturing a P-type crystal is 
described below. 

[0043] The Gai- X AI X N layer (x = 0.30) was grown by supplying 
TMG, TMA, and NH 3 on a GaAs substrate in the MOMBE apparatus, 
and simultaneously solid PH 3 , AsH 3/ or Sb was supplied so that a 
concentration range of P, As, or Sb in the Gai- X AI X N layer is from 1 x 
10 16 cm" 3 to 1 x 10 23 cm" 3 . When doing so, the Gai- X AI X N layer was 
further doped with Zn as an acceptor impurity. 
[0044] FIG. 4 shows relations between activated acceptor 
concentrations in the obtained crystal and P, As, and Sb 
concentrations. As can be understood from FIG. 4, the activated 
acceptor concentrations increase when the P, As, and Sb 
concentrations are in the range from 1 x io 16 cm' 3 to 1 x 10 23 cm" 3 . 
In the case of P, when the concentration is 1 x 10 22 cm" 3 , the 
activated acceptor concentration has a maximum value of 1.1 x 10 19 
cm" 3 . The Gai- X AI X N layer with this P concentration has resistivity of 
5 Qm and mobility of 80 cm 2 /V-S. Hence, a significantly lower 
resistance can be realized when compared with a crystal obtained 
without adding the Group V element whose atomic radius is larger 
than that of N under the same conditions. 

[0045] This can be attributed to that, by adding the Group V 
element whose atomic radius is larger than that of N, a lattice strain 
caused by nitrogen vacancies can be alleviated, making it easer for 
the acceptor impurity which is a Group II element to enter into 
lattice locations of a Group III element and to activate. 
[0046] Moreover, even in the case of growing the Gai- X AI X N 
layer under the same conditions using a Group II element, such as 
Mg or Be, other than Zn as the acceptor impurity, a low-resistance 
P-type crystal was obtained by adding P, As, or Sb. 
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[0047] When each of an AIN layer and a GaN layer was grown 
under the same conditions, a favorable P-type crystal was obtained 
by adding the acceptor impurity and P, As, or Sb, too. Thus, the 
effects of the addition of the Group V element whose atomic radius 
is larger than that of N can be attained for all composition ratios (0 
< x < 1) of the Gai-xAlxN layer. 

[0048] Furthermore, when an In x Ga y Ali- x - y N layer (0 < x, y < 
1) was grown under the same conditions by adding the Group V 
element whose atomic radius is larger than that of N, a more 
favorable crystal than in the case of the Gai- X AI X IM layer (0 < x < 1) 
was obtained. In other words, the result in the second embodiment 
can further be improved by replacing the Gai- X AI X N layer (0 < x < 1) 
with the In x Ga y Ali- x - y N layer (0 < x, y < 1). 

[0049] The first and second embodiments described above use 
a MOCVD apparatus or a MOMBE apparatus, but other apparatuses 
such as a MBE (molecular beam epitaxy) apparatus may also be used. 
Moreover, compounds other than those in the embodiments may be 
used as the materials of Ga, Al, and N, the material of the Group III 
element whose atomic radius is larger than those of Ga and Al, and 
the material of the Group V element whose atomic radius is larger 
than that of N. Regarding the substrate, too, the same effects can 
of course be achieved even when using a sapphire substrate or other 
semiconductor substrates such as Si, InP, GaP, and the like, instead 
of the GaAs substrate. 
[0050] [Third Embodiment] 

A semiconductor laser device shown in (a) to (b) in FIG. 5 was 
manufactured using a compound semiconductor obtained according 
to the second embodiment. A manufacturing method of such a 
semiconductor laser device is described below. 
[0051] First, an N-type GaAs substrate 301 is heated to a 
temperature of 600°C in the MOMBE apparatus, and TMG, N 2 , SiH 4 , 
and PH 3 are supplied to grow a buffer layer 302 made of N-type GaN 
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so as to have a thickness of 0.2 urn. Here, the buffer layer 302 may 
be a superlattice of two or more types of semiconductor layers. 
[0052] Next, while continuing to supply TMG, N 2 , SiH 4 , and PH 3 , 
further the supply of TMA is started, and an N-type Gai- X AI X N layer (x 
= 0.30) is grown so as to have a thickness of 1 urn, as a result of 
which an N-type cladding layer 303 is formed as shown in (a) in FIG. 
5. 

[0053] Next, while continuing to supply TMG, N 2 , and PH 3/ the 
supply of TMA and SiH 4 is stopped, and a GaN layer is grown so as to 
have a thickness of 0.1 urn, as a result of which an active layer 304 
is formed. Here, the active layer 304 may be a Gai- X AI 2 N layer 
obtained by simultaneously supplying TMA, or a crystal obtained by 
supplying a dopant such as SiH 4 , DEZn, or the like. 
[0054] Next, while continuing to supply TMG, N 2 , and PH 3/ 
further the supply of TMA and DEZn is started, and a P-type 
Gai-xAlxN layer (x = 0.30) is grown so as to have a thickness of 1 urn, 
as a result of which a P-type cladding layer 305 is formed. 
[0055] Next, while continuing to supply TMG, N 2 , PH 3 , and 
DEZn, the supply of TMA is stopped, and a P-type GaN layer is grown 
so as to have a thickness of 0.5 urn, as a result of which a P-type 
contact layer 306 is formed as shown in (b) in FIG. 5. 
[0056] Following this, a P-type electrode 310 and an N-type 
electrode 311 are laminated, thereby manufacturing a 
semiconductor laser device shown in (c) in FIG. 5. Here, PH 3 is 
supplied so as to have a concentration of about 1 x 10 22 cm" 3 during 
the growth of all layers. 

[0057] Though this embodiment describes a semiconductor 
laser device of an all surface electrode type as an example, a 
semiconductor laser device having a stripe structure can also be 
manufactured using the same manufacturing method. Moreover, a 
waveguide can be manufactured using the growth two or more 
times. 
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[0058] In addition, a composition ratio x of the Gai- X AI X N layer 
can of course be changed according to need, and each conductivity 
type may be reversed. Moreover, an In x Ga y Ali- x - y N layer (0 < x, y < 
1) may be grown by simultaneously supplying a material gas of In 
during the growth of the Gai- X AI X N layer. 

[0059] Furthermore, x and/or y which is a composition ratio of 
the Gai- X AI X N layer or the In x Ga y Ali- x - y N layer of the cladding layers 
303 and 305 may change along a lamination direction, and an SCH 
structure or a GDIN-SCH structure is also applicable. Additionally, 
the active layer 304 may have a quantum well structure or a multiple 
quantum well structure. 

[0060] The semiconductor laser manufactured according to 
the manufacturing method of this embodiment produced continuous 
oscillation at a room temperature, and exhibited a peak wavelength 
of about 370 nm. Though a light output was 3 mW, an ultraviolet 
light emitting device can be realized. 

[0061] Moreover, when the active layer 304 was formed so as 
to have a thickness of about 1 urn in the same manufacturing 
method, light was emitted at a peak wavelength of 367 nm, and thus 
a light emitting device usable as an LED (light emitting diode) can be 
obtained. 
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